Internal components of the insufflation system: two 3V batteries charge 3 capacitors that fire the solenoid valve. In our initial proof-ofconcept study we have packaged all components in a 26 mm long by 11 mm diameter capsule. To address these challenges, we propose a new fluid-powered system that permits insufflation from a wireless capsule platform. This is accomplished by carrying a small reservoir of biocompatible liquid onboard the capsule which vaporizes and expands when released through a small onboard solenoid valve (see Figure 3) . The internal components of the capsule are shown in Figure 2 , and the fluid used in initial experiments is biocompatible Perfluoropentane. This fluid, developed for lung lavage, is a liquid at room temperature and becomes gaseous at body temperature. We note that pneumatic pressure produced in this way may be used for a wide variety of objectives, including powering biopsy collection devices or other mechanisms within the capsule, or being vented to inflate the intestine. Here, we harness the pressure to inflate a balloon at the front of the capsule which distends tissue and can improve image quality. In the experiment shown on 3(c) only 0.2 ml of fluid was consumed in inflating the balloon to sufficient pressure to distend porcine intestine. Optimization of the capsule body is currently underway, and with a wireless camera, all components are expected to fit within the dimensions of a commercial PillCam. • "Capsule-cameras" -currently the gold standard for small intestine diagnosis.
Problem: Power!
• Lack of a sufficiently small and energy dense power source limits development of locomotion and intervention mechanisms.
Solution: Fluid Power

Future Work
Proof of concept capsule showing (a) deflated state (b) balloon inflation when valve activates, and (c) inflation within ex vivo porcine intestine.
• 
System Components Experimental Validation
• Fluid power has the potential to enable many new interventional capsule abilities, including
• Fluid power offers an order of magnitude higher energy density than batteries [5] .
• It can enhance the duration of use of prosthetic arms between "recharges" but has yet to be applied to capsules.
Conceptual interventional capsule from [4]
Fluid-power capsule proof-of-concept: Insufflation
Motivation
• Combine with external magnetic guidance of capsule robots [7] , to enable passage through collapsed lumen.
Clip deployment capsule [8] biopsy, injections, drug delivery, clip deployment, polyp clipping, etc.
